Antidiabetic medications are commonly used around the world, but their safety is still unclear. The aim of this study was to investigate whether long-term use of insulin and oral antidiabetic medications is associated with cancer risk.
Several studies have reported that the metformin, the most commonly prescribed antidiabetic drug, has anticancer properties. Metformin therapy has been associated with reduced colorectal and pancreatic cancer risk. Insulin dose-related cancer incidence has also been reported with glargine, but not with human insulin What are the new findings?
There is not only an association of pioglitazone and higher cancer risk was found in a Taiwanese population but also insulin and its analogues for injection, intermediate or long-acting combined with fast-acting are associated with a higher cancer risk. Investigated the association in consideration of length of exposure, defined daily dose, other confounding factors such as co-medications and comorbid diseases. It demonstrates whether long-term use of insulin and oral anti-diabetic medications are associated with cancer risk incidence.
How might these results change the focus of research or clinical practice?
Glipizide may act in a protective way against cancer, motivating further investigation. There is a clear need to further assess a pharmacological activity of anti-diabetic drugs for cancer risk on alternative populations.
Introduction
Antidiabetic drugs are the most commonly used drugs among the 347 million individuals diagnosed with diabetes globally. [1] The majority of diabetics are between 40 and 59 years old, and the number is increasing day-by-day, especially those with type 2 diabetes. The World Health Organization estimated that the number of diabetic people will increase by 55% by the year 2035. [2] Similarly, the International Diabetes Federation (IDF) projects that the number of diabetics will increase from 382 to 592 million by 2035, with 80% of cases being from low-and middle-income countries. [3] Despite these predictions and the fact that diabetes is the 4th leading cause of death in developing countries, diabetes is a treatable disease with a number of currently available medications.
Several studies have reported that the metformin, the most commonly prescribed antidiabetic drug, has anti-cancer properties. For example, metformin therapy has been associated with reduced colorectal and pancreatic cancer risk. [4, 5] On the contrary, a different antidiabetic drug, rosiglitazone, has been reported to increase the risk of myocardial infarction and death from cardiovascular conditions. [6] Recent study, however, found that rosiglitazone does not appear to increase the risk of death. [7] Additional research suggests that insulin, which many diabetics take multiple times a day, may also increase cancer risk due to its mitogenic properties, which may promote certain types of cancers. [8] The long-acting insulin, glargine, reportedly increased the risk of breast cancer in Swedish women. [9] In contrary, another study reported that short-term use did not carry any increased cancer risk, while long-term use was associated with breast cancer. [10] Insulin dose-related cancer incidence has also been reported with glargine, but not with human insulin. [11] It has also been reported that patients who have solid tumors are more likely to have been taking insulin or insulin secret agogues as compared to oral hypoglycemic drugs. [4] It is still unclear whether diabetes itself or antidiabetic drugs are carcinogenic in nature. [12] Several pharmacologic classes of antidiabetic drugs are on the market, but it is unclear how safe they are in terms of their carcinogenicity. Different antidiabetic drugs have different pharmacokinetics and potencies, which further vary among individuals. The Food and Drug Administration's (FDA) preclinical studies are usually done before the drug is marketed, but further evaluation for long-term use studies normally not taken into account due to high costs of clinical trials and longterm follow-up. Fortunately, a pharmacoepidemiologic approach makes it possible to assess the carcinogenic profile of the longterm antidiabetic drugs use retrospectively.
The aim of our study was to evaluate whether antidiabetic medication use in diabetic patients is associated with cancer risk in the Taiwanese population. Specifically, we investigated whether the length of exposure (LOE) and defined daily dose (DDD) of the antidiabetic oral and injectable medications affected the risk for the most common cancers. We investigated the carcinogenic risk of individual drugs as well as of pharmacologic classes of antidiabetic drugs.
Methods

Data source
In this study, we used the Taiwan National Health Insurance Research Database (NHIRD), which was established by the Taiwan's National Health Research Institute. The NHIRD consists of detailed claim data for more than 23 million enrollees, covering 99% of Taiwanese residents. [13] From this populationwide database, we randomly selected a 2 million sample covering years 1998 to 2009, inclusively. [14] The data were anonymized and de-identified prior to our analysis; hence, this type of study did not require the Institutional Review Board approval.
Study population
We conducted a retrospective case-control study using incident cases by retrieving all individuals who were 1st diagnosed with any cancer between January 1, 2001 and December 31, 2009 as identified by codes 104 to 208 as per the International Classification of Disease, Clinical Modification, Ninth Revision (ICD-9-CM). These 42,500 subjects served as cases in this study, with cancer being the outcome of interest. The date of cancer 
Antidiabetic medications exposure
Information regarding patients' medications exposure was retrieved from the pharmacy prescription database. Antidiabetic drugs were determined by their Anatomical Therapeutic Chemical (ATC) drug classification codes. The classes analyzed were: biguanides (A10BA), sulfonylureas (A10BB), combinations of oral blood glucose lowering drugs (A10BD), alpha glucosidase inhibitors (A10BF), thiazolidinediones (A10BG), dipeptidyl peptidase 4 (DPP-4) inhibitors (A10BH), other blood glucose lowering drugs: insulins (A10BX), insulins and analogs for injection, fast acting (A10AB), insulins and analogs for injection, intermediate acting (A10AC), insulins and analogs for injection, intermediate or long acting combined with fast acting (A10AD), insulins and analogs for injection, long acting (A10AE) (see Supplemental Table S1 , http://links.lww.com/MD/D267). For each filled prescription of each study participant, we recorded drug codes, drug names, dispensing data, and the total daily dose (i.e., the assumed average maintenance dose per day). Antidiabetic medication doses were analyzed for DDD per day in the following categories: 0.00 (reference), 0.10 to 0.65, 0.66 to 1.30, and >1.30. The antidiabetic medication exposure was analyzed only before the cancer diagnosis/index date. We considered whether individuals have ever been exposed to antidiabetic medications or not. Therefore, patients who had antidiabetic medications prescribed at least 2 months during the study period were classified as antidiabetic medication users. Exposure to these drugs was categorized according to exposure duration (i.e., 61-180 days, 181-1 year, and over 1 years) before the index date. An additional category, "no use," was created for patients who had never been on an antidiabetic drug for at least two months. [15] 
Covariate assessment
We matched for age, gender, diagnosis year but adjusted for comorbid diseases, confounding drugs, region, and socioeconomic status (SES) done to estimate the probabilities of a patient being classified into the cancer (case) or noncancer (control) groups, as shown in Table 1 . The following drugs were considered in the study as potential confounders, the drugs known or suspected of modifying the risk of some cancers [16] : aspirin (ATC codes: B01AC06, N02BA01, N02BA51), nonsteroidal anti-inflammatory drugs (NSAIDs) (M01A, excluding M01AX), statins (C10AA), and angiotensin-II antagonists (C09C and C09D). Exposure to these confounder drugs was defined as positive if they were dispensed at least twice a year within 3 years of the cancer diagnosis date.
Since the chance of cancer can be confounded by competing risks, we identified comorbidities that may be associated with mortality based on diagnostic codes from outpatient data sets prior to the outcome of interest. All diseases were included in the Charlson comorbidity index (CCI) and analyzed, except for human immunodeficiency virus. [17] Additionally, other confounding factors could influence the risk of some cancers, such as location (i.e., Regions) and SES (i.e., based on the total amounts of payment to Taiwan's National Health Insurance), so these were also accounted for in our study.
Data analysis
We analyzed the data through a classic case-control study design, with cases being cancer affected and controls being cancer-free subjects. All antidiabetic drugs' use was measured in both cases and controls 3 years before the date of diagnosis/index date. Conditional logistic regression was applied to investigate the association between exposure to the different drugs and risk of cancer. Our interest was to identify individual antidiabetics drugs or antidiabetic drug classes that were associated with cancer incidence. The results were expressed as adjusted odds ratios (AORs) with 95% confidence intervals (CIs). We used SPSS v.20·0 (IBM Corp, Armonk, NY) to perform data analysis, and results were expressed as the estimated numbers together with 95% CI. Statistical power was estimated over 0.9, under type I error rate at 0.05, and the minimum detectable odds ratio of 1.10.
Ethical approval
The ethical approval was not required as we used anonymous data. This type of study did not require the Institutional Review Board approval according to the policies of the National Health Research Institutes which provides large computerized deidentified data (http://nhird.nhri.org.tw/en/). This study contained unidentifiable living individual medical information, that the informed consent is not needed.
Results
Study sample
Among the 297,500 patients in the study, 42,500 patients had cancer, whereas 255,000 patients did not, during the study period. Baseline patient characteristics are shown in Table 1 . The mean (standard deviation) of their CCI was 2.99 (2.49) for the cases and 2.71 (2.38) for the controls, respectively. The prevalence of comorbidities and other drugs used in the cases were significantly higher than in the controls group except for myocardial infarction, cerebrovascular disease, hemiplegia/ paraplegia, and the statins use. The difference in prevalence of diabetes in cases as compared to controls was 1.30%. Even though this difference is significant, it does not appear to be practically relevant. The distribution of diabetics among cases and controls across different cancers is shown in Table 1 , also confirming that proportions of diabetics among cases and controls are rather balanced.
Antidiabetic drugs use and cancer risk
We found that the use of pioglitazone and insulin and its analogs for injection, intermediate or long-acting combined with fastacting insulin significantly increased cancer risk compared to diabetics who did not use them. These results held no matter how long a patient was exposed to the drugs within the 3 years before their cancer diagnosis. In contrast, both adjusted hazard ratios and AORs provide no evidence that metformin (AOR [95% CI], Table 2 . Notably, based on the AOR, there is significant evidence of glipizide acting as protective against cancer which, however, requires further investigation. Overall, it appears that pioglitazone and insulin and its analogs for injection, intermediate or long acting combined with fast-acting insulin drive the elevated risk of cancer when all antidiabetics were combined for the analysis. Figure 1 presents further detailed risks for specific cancers that are associated with antidiabetic medications exposure. We observed a high risk for pancreatic (AOR, 1.45; 95% CI, 1.08-1.95), liver (AOR, 1.32; 95% CI, 1.19-1.47), and lung (AOR, 1.18; 95% CI, 1.05-1.33) among antidiabetic medication users. However, cervical cancer (AOR, 0.77; 95% CI, 0.61-1.98) were observed not associated with antidiabetic drugs exposure. We did not find any significant association for ovarian (AOR, 0.98; 95% CI, 0.67-1.44), stomach (AOR, 1.04; 95% CI, 0.86-1.26), and renal cancer (AOR, 1.14; 95% CI, 0.92-1.41). Again, the increased risk of individual cancers can be driven by specific medications, such as pioglitazone as documented above with respect to all cancers, rather than by the entire group of considered antidiabetic medications.
Antidiabetic drug exposure, dose, and cancer risk
We calculated the LOE to individual drugs as well as classes of antidiabetic drugs as shown in Appendix file (see Supplemental  Tables S2 and S3 , http://links.lww.com/MD/D267). Antidiabetic medication use made the risk of all cancers 1.10 times greater for cases as compared to controls (AOR, 1.10; 95% CI, 1.06-1.14).
In addition, the multivariate-AORs for metformin accordingly to the DDD, as compared with no antidiabetic medication use were 1.02 (95% CI, 0.94-1.10) for a dose 0.10 to 0.65 DDD, 0.96 (95% CI, 0.88-1.05) for 0.66 to 1.30 DDD, and 0.88 (95% CI, 0.67-1.15) for higher than 1.30 DDD (P-trend = 0.417), as shown in Table 3 .
Discussion
We reported the evidence that overall antidiabetic drugs are associated with an increased cancer risk based on the casecontrol study. We evaluated both oral and injectable antidiabetic drugs individually and as pharmacologic classes (also accounting for both LOE and DDD) with respect to carcinogenicity. The results have been obtained on the basis of a single Taiwanese population and further studies on alterative populations would be advisable for a valid generalization. We observed that the long-term use of antidiabetic drugs was not significantly associated with increased cancer risk except for 2 drugs: Pioglitazone ( This study is important in assessing associations between antidiabetic medications and the risk of cancer using a national database.
Although the results of an observational study should be interpreted with caution, LOE and dose-dependent association provide evidence in favor of a true association between prescription of antidiabetic drugs and cancer risk. While the results from observational studies are not as robust compared to randomized control trials, the evidence obtained from an appropriately designed observational studies should not be underestimated and can be used as a guide for both further scientific investigation and clinical practice. [13, 18, 19] Overall, we found that most antidiabetic drugs are not associated with cancer risk. Libby and colleagues [20] reported that metformin use was associated with a reduced cancer risk. Evans et al [21] reported that there might be a biologically plausible mechanism for the dose-response relationship between metformin use and cancer risk reduction, which is the fact that, many clinical and preclinical studies have shown that metformin has the potential to inhibit the growth of cancer cells growth in vitro and in vivo. [22, 23] However, we did not find any significant reduction in cancer risk for long term use of metformin.
A striking finding in our study was that pioglitazone from the thiazolidinediones drug class and insulin's and analogs for injection, intermediate or long acting combined with fast-acting drug class were both associated with an elevated cancer incidence. Ferrara et al, [24] Koro et al, [25] and Dormandy et al [26] reported no association between pioglitazone and cancer Table 3 The classification of define daily dose for antidiabetic drugs. risk. These studies findings contradict with our study findings as we observed that pioglitazone is associated with a 53% increase in cancer risk in the Taiwanese population. Our findings supported by Ramos-Nino et al, [27] Chen et al, [28] and Piccinni et al [29] who all reported similar findings.
Antidiabetic drugs
The clinical trials evidence regarding insulin use and cancer risk is also inconclusive. [30] Hemkens et al [11] in a cohort study from Germany reported that there is a dose-response relationship between the synthetic insulin glargine and cancer risk compared to human insulin. Currie et al [4] and his colleagues study from United Kingdom reported a 40% higher risk of all cancers was associated with the use of insulin-based regimens. The studies done by Jonasson et al [31] on Swedish and by Colhoun [32] in a Scottish population reported no significant association between insulin glargine alone or in combination with other drugs and cancer risk. Yang et al [33] observed a decreased cancer risk with insulin use in the Chinese population. The US FDA [34] has also cautioned clinicians not to respond rapidly to the trial results mentioned above, stating to the public that further analysis is required to evaluate the safety. We observed in the Taiwanese population that only 1 insulin (i.e., insulins and analogs for injection, intermediate or long acting combined with fast acting) among other insulins is significantly associated with cancer risk. Based on our study, it is possible that insulins and their analogs may be associated with increased risk of cancer in Taiwanese population; however, further evidence is needed before any definitive conclusion can be drawn.
Overall, the exposure to antidiabetic medications raised the overall cancer risk up to 52%, even though these association appears to be driven by pioglitazone and insulin and its analogs for injection, intermediate or long acting combined with fastacting insulin. Broken down by specific cancers, antidiabetic medications raised the risk of liver cancer (AOR, 1.32), of lung cancer (AOR, 1.18), and of pancreatic cancer (AOR, 1.45) ( Fig. 1) . Interestingly, we found (AOR, 0.77), a reduced risk for cervical cancer in our study. No significant effects were observed for bladder, esophagus, and prostate cancer. The observed pattern of odds ratios for various cancers could be attributable to an expected normal distribution, and the large sample size provides an opportunity to find significant results. However, these findings are very important since several studies reported contradictory results and randomized control trails have failed to define clear associations. A retrospective study from the United Kingdom by Currie and colleagues [4] reported a lower risk of colon and pancreatic cancer risk with metformin use but observed no effect on breast and prostate cancer. However, they also observed that insulin or insulin secretagogues users were more likely to develop cancers compared to metformin users. Moreover, in this study they also observed that the use of insulin analogs was not associated with increased cancer risk when compared to human insulin. A meta-analysis by DeCensi et al [35] epidemiologic studies reported an inverse association between pancreatic and hepatocellular cancer and no significance for colon, breast, and prostate cancer. This contradicts with our findings that there is a 60% greater risk for pancreatic cancer and 57% greater risk for liver cancer; however, it is supported by Li et al [36] that insulin or insulin secretagogue use associated with increased pancreatic cancer risk. Murtola et al [37] reported decreased prostate cancer risk with an overall or ever use of any antidiabetic drugs however, we did not find any association for prostate cancer with antidiabetic drugs. We suggest that the therapeutic effectiveness and pharmacologic mechanism of antidiabetic drugs should be monitored closely in relation to multiple medications and diseases for carcinogenicity on a large population.
We aim to properly investigate the documented association of pioglitazone and insulin analogs vs specific cancer in further study. As for now, the presented findings could facilitate clinicians to inform their patient about overall risk for cancer with respect to specific drugs and implement prevention measures.
Together with the strengths of our population-wide study, we have several limitations, such as residual bias, although NHIRD data are now used for both billing and quality purpose which could persist owing to unmeasured or imprecisely measured potential confounding factors (e.g., life style, family history, smoking status, etc). Moreover, observational studies tend to be less robust compared to randomized control trial studies, but it still contains real-world data on prescriptions and diagnoses for the whole Taiwanese population where all prescriptions are continuously documented, allowing unbiased exposure assessment (i.e., no recall bias). There is significant difference between case and control. We knew that the indication is the important confounder for this study but we cannot find without diabetes subjects using diabetic drugs. Therefore, this is only association study and the drug might increase or decrease the cancer risk. We found association only but not causality. For causality, we need to have randomized control trials; however, the significant association provide hint for researchers to re-evaluate with trials. Several approaches have been proposed to prevent immortal time bias in observational studies, and we controlled it matching by year and we only assigned the date of cancer diagnosis to control group.
We do not have hemoglobin A1c levels of patients which is the limitation of our database and we were also not able to access some drugs, such as DDP-4, as it has been added recently in 2011 to NHI Taiwan. However, Elashoff and colleagues [38] examined the US FDA's database of adverse events and found that sitagliptin or exenatide, which is a DPP-4 inhibitor antidiabetic drug, increases the risk for specific cancers. Moreover, a doseresponse effect is not always evident. The drug exposure days are provided for reference only, which might not provide accurate reflection of drugs taken by patients as directed. In this study, we observed antidiabetic drugs exposure and evidence of association, but not their mechanism and metabolism related to cancer, which could be also be seen as a limitation. Therefore, further animal or cellular model are needed to help in identifying a possible biologic mechanism linking antidiabetic drugs with cancer risk. Finally, in the reported study, we assessed only the specific antidiabetic drugs (i.e., 24 different drugs) vs overall risk of cancer (i.e., 10 different cancers combined) and exposure to any of antidiabetic drugs (24 drugs combined) vs specific cancers. We did not look into each specific drug vs each specific cancer as it would generate 24 Â 10 = 240 association estimates that are problematic to present and interpret clearly in this study. Moreover, the associations of multiple drugs and cancers were performed and corrections for multiple comparisons were not performed, resulting in a potential for some apparent associations to be due to chance.
Conclusion
We found evidence that the only antidiabetic drugs associated with cancer risk were pioglitazone and insulin analogs for injection, intermediate or long acting combined with fast acting among all antidiabetic drugs. We observed that glipizide may act in a protective way against cancer. Findings from this study provide incremental evidence regarding the long-term influence of antidiabetic medications on cancer risk as measured by DDD and LOE to individual drugs as well as antidiabetic drug classes.
Randomized controlled trials are always expensive and sometimes impractical because of cost, study duration, or ethical concerns, but it is important to investigate further the pharmacologic activity of antidiabetic drugs for cancer risk. We conducted the retrospective observational study as a plausible alternative to a randomized controlled trial, documenting objective evidence and providing ground for further scientific investigation.
